The relationship between mast cell degranulation, anaphylaxis, and the production of homocytotropic antibodies was examined in ICR mice after trichinella infection. It was found that the active cutaneous response to trichinella antigen had a rapid onset (within 2 weeks) and the sensitivity increased over a 9-week period after infection. Two types of mast cell degranulation were observed: (i) moderate, with few extracellular, deep-blue-staining granules (May-Grunwald-Giemsa), and (ii) "explosive," with many extracellular reddish-staining, swollen granules, indicating an apparent breakdown of cell membrane. The Although these antibodies have been extensively studied in vitro for their ability to mediate release of amines from isolated peritoneal mast cells, little is currently known about the in vivo cellular events that occur during anaphylactic responses and the relationship of these responses to the production of HcAb. However, Vaz and co-workers (34) have presented evidence that antigen-induced MCD is correlated with the presence of HcAb in mice.
mIgE, can be experimentally induced in mice and that each of these antibodies is capable of sensitizing mast cells for release of their amines. These immunoglobulins are differentiated primarily on the basis of their heat lability and persistance in tissue. The IgG, is heat stable and able to fix to tissue for only short periods of time (less than 12 h), whereas the IgE is heat labile (56 C for 30 min) and remains firmly fixed to tissue for extended periods of 12 days or longer.
Although these antibodies have been extensively studied in vitro for their ability to mediate release of amines from isolated peritoneal mast cells, little is currently known about the in vivo cellular events that occur during anaphylactic responses and the relationship of these responses to the production of HcAb. However, Vaz and co-workers (34) have presented evidence that antigen-induced MCD is correlated with the presence of HcAb in mice.
The objectives of the present study were to critically examine the relationship of in vivo ' Present address: Department of Microbiology, University of Tennessee, Knoxville, Tenn. 37916.
MCD and cutaneous anaphylaxis with the production of both IgGl and mIgE antibodies. Evidence will be presented to show that each class of HcAb causes unique degranulation of the mast cell and that sensitivity, as measured by cutaneous anaphylaxis, follows different time courses.
MATERIALS AND METHODS Animals. Male, random-bred ICR mice (Laboratory Supply, Indianapolis, Ind.) weighing 20 to 25 g were employed throughout these studies for all experiments other than propagation of larvae and PCA. Swiss Webster mice (Laboratory Supply) were used to propagate Trichinella spiralis larvae, whereas CFW mice (Carworth Farms, New City, N.Y.) were employed as the heterologous strain necessary to demonstrate PCA.
Collection of T. spiralis larvae. T. spiralis larvae were harvested, by the procedure of Larsh and Kent (14) , from mice previously infected orally with 500 larvae. In brief, five to ten infected mice were killed, skinned, and eviscerated, and the muscle was digested ir. a pepsin-hydrochloric acid mixture for 1.5 h at 37 C. The digest was then filtered through cheese cloth, and the larvae were allowed to settle through fine gauze. The larvae were washed 10 times with warm (37 C) phosphate-buffered saline (pH 7.5) and used for the preparation of antigen or for infecting animals. 1342 on October 16, 2017 by guest http://iai.asm.org/
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Infection of animals for sensitization. Mice were inoculated orally with 100 live T. spiralis larvae contained in 0.1 ml of phosphate-buffered saline (pH 7.5). A blunted 18-gauge (1 inch [ca. 254 cm]) needle attached to a 1-ml syringe was used for this purpose. Because of the rapid settling of larvae, syringes were refilled after each inoculation.
Preparation of larval somatic antigen. Packed larvae (1 to 2 ml) were collected and processed by the procedure of Crandall and Crandall (7) . All antigen doses are presented as dry weight of antigen.
ACA. The method described by Kabat and Mayer (13) was used to test for ACA reactivity. Briefly, 24 h prior to testing, the hair was removed from the dorsal or ventral surface of experimental and control (noninfected) mice by clipping. On designated test days, animals were given an intravenous (i.v.) injection of 0.25 ml of saline containing 0.4% (wt/vol) Evans blue dye (Eastman Kodak, Rochester, N.Y.). This was followed immediately by an intradermal (i.d.) injection of 0.05 ml of saline containing either 3 ug (dry weight) or one of a series of 0.5-log graded doses of larval antigen in 0.05 ml. A separate injection of 0.05 ml of saline was given for control purposes. Thirty minutes later the animals were killed by cervical dislocation, the skin was partially removed, and the diameter of the dye-infiltrated lesion measured on two axes with a vernier caliper. Lesion diameters were plotted on a dose-response curve (antigen dose versus lesion size). From these curves, the concentration of antigen that would give a 5-mm net difference in lesion size between the experimental (infected) animal and the control (noninfected) animal was determined and reported for that time point (see Fig. 1 ). Control lesions usually measured between 1 to 2 mm in diameter and showed no difference due to time.
Mast cell responses. In situ mast cell responses were evaluated by utilizing the connective tissue air pouch technique developed by Higginbotham and co-workers (9) . In brief, 1 ml of air was injected subcutaneously into the dorsal skin, followed by the injection of 0.2 ml of antigen into the air pouch. After 15 min the animal was killed, a portion of the air pouch was excised, and the connective tissue was spread on a microscope slide and air dried. The slide was stained with May-Grunwald-Giesma and examined with a microscope. A total of 200 mast cells per slide was observed at a magnification of x430, and the percent distribution of degranulating and nondegranulating cells was determined. All preparations were coded so that the identity was not known until after all the slides were counted. Antigen doseresponse curves (see Fig. 3 level of test antigen used. Animals were examined at weekly intervals for a period of 6 to 8 weeks. The entire series of experiments was repeated twice, thus giving a total of 15 experimental and 6 control animals for each antigen dose tested. The reciprocal of antigen concentration necessary to elicit a lesion 5 mm in diameter is given in Fig. 1 . The range of the lesion diameters at each antigen dose was + 2 mm from the mean. As can be seen, after 1 week post-larval inoculation, greater than 10 gg of antigen was necessary to induce the given effect whereas only 3 jg was required by week 2. The level of skin sensitivity to antigen continued to increase during the next 5 weeks of infection, with as little as 0.125 gg of antigen producing a 5-mm lesion by the end of week 8. The results indicate that after the onset of reactivity the level of ACA sensitivity to antigen continued to increase at a steady pace.
Two unrelated protein antigens, lysozyme and Trypanosoma congolense (kindly supplied by John Mansfield), were tested in both experimental and control animals. Neither antigen showed any significant (Student's t test) increase in ACA reactivity over a saline injection.
Mast cell responses. Since mast cells have been reported to be involved in anaphylaxis via release of their biologically active amines by a process of degranulation, studies were next undertaken to evaluate the in vivo mast cell responses to antigen in sensitized animals. For this purpose, groups of trichinella-infected mice were injected subcutaneously with air (9) and tested with one of a series of 0.5-log graded doses of antigen at weekly intervals for a period of 8 (Fig. 2c with release of numerous reddish-appearing and markedly swollen granules. Such cells appeared to have exploded. For purpose of discussion, the former type of degranulation described (Fig. 2b) will be referred to as "moderate"; the latter type will be referred to as "explosive" (Fig. 2c) . In view of these apparent differences, mast cell responses to antigen were quantitated on the basis of these two types of degranulation.
Correlating dose response to degranulation (Fig. 3) , the concentration of antigen necessary to induce a 10% degranulation greater than that of controls, as a function of time postinfection, was determined (Table 1 and Fig. 4 ). In the typical examples presented, namely, weeks 4 and 6 (Fig. 3) , it is evident that there is no conversion from moderate to explosive degranulation as the antigen concentration increases. These results indicate that the two types of degranulation are independent of the antigen dose. Controls (noninfected mice) showed approximately 12% moderate and 3 to 5% explosive degranulation. It is evident from the data presented (Table 1 and Fig. 4 ) that a biphasic response was observed, with moderate degranulation occurring predominantly during the first 4 weeks after infection and the explosive type occurring during the latter 3 weeks of observation.
Production of circulating HcAb. To evaluate the relationships between ACA, MCD, and production of HcAb, mice were inoculated with 100 larvae, and serum was collected at weekly intervals and tested with 2-and 48-h PCA for IgG and mIgE, respectively.
Both circulating IgG, and mIgE antibodies were detected, but mIgE activity was not detected until 5 weeks postinfection, whereas IgG, appeared 2 weeks earlier (Fig. 5) In view of the evidence that both types of degranulation could readily be demonstrated in vivo by passive sensitization employing serum containing relatively high mIgE and IgG, titers, it was next of interest to determine whether varying the concentration of these antibodies affected the number of responding mast cells. To test this possibility, CFW mice were given serum (diluted 1:3 or 1:10) containing a IgG, (1:80) and mIgE (1:320) antibodies. As in previous experiments, both heated and unheated sera were employed and the appropriate controls were included. A reduction in the percent MCD from that noted at a 1:3 serum dilution was evident in all categories when animals received serum dilutions of 1:10 ( Table 2) . For example, 48-h explosive MCD was reduced from 23 to 12% with unheated serum.
Since these studies were done with serum containing a mixture of IgG, and mIgE HcAb, the possibility that explosive-type degranulation results from a synergism of both types of HcAb cannot be excluded. Attempts made to isolate a pure mIgE fraction by using diethylaminoethyl-cellulose were unsuccessful. However, passive sensitization studies were performed with a serum fraction containing only the IgG, HcAb. The results ( (Fig. 6) it was found that a temporal correlation existed between mast cell and skin sensitivity to antigen during the first 5 weeks postinfection. However, after week 5, mast cell sensitivity (determined by degranulation activity) declined while skin sensitivity continued to increase. Considering that the ACA reaction is a sensitive indicator of amine activity, we questioned whether the noticeable increase in ACA activity after the 5 weeks, while total MCD was declining and explosive MCD was plateaued, was due to an increase in amount of amines release without any concominant increase in MCD or was possibly because the animals had become increasingly more sensitive to histamine or serotonin during the course of infection.
To explore the latter possibility, a limited number of mice (five experimental and three control) were tested 4, 6, and 8 tonin between experimental and control mice was found at these particular times (Table 3 ). These data indicate that there was no increase in skin sensitivity to either exogenous histamine or 5-hydroxytryptamine. DISCUSSION Considerable evidence has accumulated indicating that mast cells undergo extensive degranulation during both local and systemic anaphylactic reactions (15, 32, 34) . In view of this evidence and the fact that mast cells contain much of the tissue stores of histamine (30) and serotonin (4) in rodents, it has generally been assumed that MCD is required for the release of these vasoactive substances. In the present study, after the onset of reactivity, both cutaneous anaphylaxis (ACA) and mast cell sensitivity to antigen (as determined by total degranulation) increased progressively. By week 6, however, the level of mast cell sensitivity began to decline and that of ACA continued to increase steadily (Fig. 6 ). In addition, it can be seen that the MCD exceeds the level of the ACA between weeks 3 and 6. We believe these findings suggest that there is no direct correlation in vivo between MCD and ACA as the in vitro work of others (8, 31) had indicated. Consequently, if histamine and serotonin serve as major mediators of local anaphylaxis, observations made in this study would strongly suggest that the process of MCD is not required for their release, in contrast to what has been suggested by others (19, 20, 28) . Similar conclusions were made from in vivo studies done by Einbinder and co-workers (8), who could find no correlation between systemic anaphylactic shock and MCD. It is interesting to note that the role of histamine and serotonin in anaphy- laxis has also been questioned by some investigators (18, 31) . As has been suggested by others (2, 6, 8) , the primary function of MCD may be to aid in the regulation of inflammatory responses in the tissue.
The continued increase in active cutaneous anaphylactic sensitivity to antigen at a time when mast cell sensitivity was declining suggested the possibility that during this particular period of sensitization animals were more responsive than normal to the effects of histamine and/or serotonin. However (Table 3) Neither IgG, nor mIgE could be detected by PCA until weeks 3 and 5, respectively (Fig. 5) , whereas positive ACA responses were obtained as soon as 1.5 weeks postinfection (Fig. 6) . Also after week 6 of infection, ACA sensitivity to antigen continued to increase whereas IgGl production declined (Fig. 6 ). Similar findings were recently reported by Jarrett and Stewart (11) When mast cell responses were quantitatively evaluated on the basis of these two types of alterations (i.e., moderate and explosive degranulation), a distinct biphasic response was obtained ( Table 2 , Fig. 4 ). The first phase, which coincided with the first 4 weeks of infection, consisted entirely of the moderate-type degranulation, whereas the second phase was clearly dominated by the explosive-type degranulation. Neither type (Fig. 6 ) of MCD appeared to correlate directly with ACA reactivity nor did the shift from the moderate-to the explosivetype degranulation seem to have any great influence on ACA responses.
Comparing the results obtained from PCA studies to those from mast cell studies indicates that mast cell-sensitizing antibodies (i.e., IgG, and mIgE) appear to greatly influence MCD. Thus, the moderate-type degranulation response (few granules released) was found to be closely associated with IgG, antibody production in that the increase and decline in the percent distribution of responding and nonresponding cells coincide with the initial appearance, rise, and fall of IgG1 serum titer (Fig. 6 ). Vaz and his associates (34) also observed that the onset of MCD corresponded with the appearance of IgG, antibodies. A similar relationship could be seen between the explosive-type degranulation (numerous swollen granules released) and the mIgE antibody production. These same relationships could also be observed in mice passively sensitized with antiserum. Thus, moderate but little explosive degranulation occurred in animals given an i.v. injection of either heat-inactivated serum containing IgG, or purified IgG, and tested 2 h later with antigen ( Table 2 ). In contrast, mice injected with serum containing both mIgE and IgG1 and tested 48 h later produced cells exhibiting the explosive-type degranulation (Table 2 ). In the latter case, it is possible that the degranulation resulted, at least in part, from a synergistic effect involving both species of antibodies. However, in view of the time difference required for tissue fixation, i.e., 2 to 4 h for IgG, versus 48 to 72 h for mIgE (19) (20) (21) 
